The driving factors behind the global epidemic of obesity have not yet been fully elucidated. Investigating the effect of age and cohort on weight change might enable us to develop effective intervention strategies.
INTRODUCTION
Overweight and obesity are on the rise globally; the Scandinavian countries are no exception [1, 2] . High body mass index (BMI) has been shown to be a major risk factor for an array of chronic illnesses, such as hypertension, diabetes, musculoskeletal disorders, and some types of cancer [3] . In 2004, overweight and obesity contributed 5% to the global burden of disease in terms of Disability Adjusted Life Years (DALY) [4] .
The current epidemic of overweight and obesity has a great number of determinants, e.g., diet [5] , lifestyle [6] , technical innovations [7] , socioeconomic status [8, 9] level of education [10, 11] , physical inactivity [12, 13] , and gender [14] . It has been suggested that epigenetic factors also have an impact on BMI. The latter claim is based on the hypothesis that inadequate nutrition during pregnancy switches on genes in the offspring that determine the rate of fat accumulation, even in periods when access to food is unrestricted. It has been postulated that this effect might persist for over a generation [15, 16] . Such a hypothesis could *Address correspondence to this author at the Lund University, Social Medicine and Global Health, Department of Clinical Sciences Malmö, Clinical Research Centre, S-205 02 Malmö, Sweden; Tel: (+46)40 391408; Fax: (+46)40 391333; Email: Faisal.al-emrani@med.lu.se § These authors contributed equally to this work explain why immigrants especially those from low-income countries have a greater risk of developing obesity than the high-income indigenous population of their adoptive home [17] .
The mechanisms cited above might affect weight gain over the life cycle of an individual, or could be manifestations of changes in the environment during a specific time period, e.g., when economic policies modify the cost and availability of food. Additional factors may only affect certain cohorts of individuals, depending on eating habits, food preferences, or the epigenetic possibility mentioned. These effects require different intervention strategies. Therefore, it would be useful to better understand the role of each element in the overweight epidemic. Combinations of factors could also be expected to vary considerably by geographical location and between different sub-groups of a given population over time.
The temporal effects on trends of weight change are of great relevance in a health equity perspective. Previous researchers have acknowledged this situation and focused on the following elements: (a) age effects (variation due to physical and social life changes), (b) period effects (variation over time due to environmental factors), and (c) birth cohort effects (variations attributable to exposures during pregnancy or early childhood that are sustained over the course of a life span). The three factors are collectively known as APC effects [18] .
Attempts have been made since the mid-1970s to model these effects for various health problems (e.g., smoking and cancer), both in the way they are differentiated and how they interact [19] [20] [21] . In a repeated cross-sectional study among Australian adults, birth cohort affiliation was significantly associated with the prevalence of overweight. The effect was more obvious among those born since 1960 than for those born earlier [22] . Another repeated cross-sectional study in the US indicated that one's birth cohort significantly influenced the odds ratio of obesity, since BMI increased in every five-year period between 1976 and 2001 [23] .
Several longitudinal studies from the US, Denmark, Korea, and The Netherlands detected period and cohort effects on BMI change and obesity prevalence in all study contexts. Olsen et al. found that the obesity epidemic in Denmark has grown in phases [24] . An increase was identified for birth cohorts from the early 1940s to the mid-1950s, and from the late 1960s onward. A recent Korean investigation concluded that there are period and cohort effects for diabetes as well as obesity. The effect, however, was less pronounced in the case of diabetes [25] . Continuing research on the overweight and obesity epidemic suggests that data on period and birth cohort effects have had little impact on the search for the cause of this global issue. Intervention strategies appear to be even less affected by such findings, although studies taking period and birth cohort effects into account have shown their substantial influence.
The present paper seeks to investigate the pattern of BMI change by age and birth cohort over five-year follow-up in adult Swedish sample: the Scania Public Health Cohort (SPHC).
To the best of our knowledge, ours is the first study to apply this strategy to a Swedish population sample. We believe the results will focus the attention of decision makers and health policy planners on less acknowledged causes, thereby allowing them to intervene at the family, society, or national level and better address the equity aspect of the overweight epidemic.
METHODS

Population and Instrument
The data set of this study is derived from two surveys: the 1999 baseline assessment and 2005 follow-up SPHC questionnaire distributed to a representative sample of the general population in Scania, Sweden's southernmost county.
In 1999, 24,922 males and females ages 18 to 80 were randomly selected within a non-proportional geographically stratified sample. The stratification was done by a random selection from each of the 60 administrative units in the county of Scania. A questionnaire was mailed to these individuals, and their responses were collected between November 1999 and April 2000. After three reminders, 13,604 (59%) had responded to the survey. In 2005, the same questionnaire was again mailed to those who had completed it in 1999. This time a total of 10,485 (77%) responded. However, due to incomplete or questionable data (such as missing height or weight, or a large discrepancy in the height reported in the two surveys), 102 people were excluded. The final cohort was comprised of 10,373 individuals, of whom 4,584 (43.8%) were males and 5,789 (55.3%) females.
The SPHC questionnaire had 12 sub-sections covering a wide range of issues, including self-rated health, health care utilization, environmental and occupational factors, healthrelated behaviours, and socio-demographic information. A fuller description of SPHC may be found in [43] .
Measurements
Height and weight were self-reported and specified in the questionnaire as "height (in cms) without shoes" and "weight (in kgs) without clothing". BMI was calculated by dividing weight in kilograms by height in squared meters (kg/m 2 ).
Overweight and obesity were defined according to World Health Organization standards as overweight = BMI 25.00 to 29.99 kg/m 2 , and obesity = BMI 30 kg/m 2 [3] .
Age was established by means of the official Swedish population register.
Statistical Analysis
Analyses were performed using Predictive Analytics Software (PASW) 18.0 for Windows with a 5% level of significance.
Dependent Variables
Birth cohorts were defined by year of birth in three-year intervals. Respondents were subsequently classified into 21 birth cohorts. At the same time, 21 age groups were formed, by stratifying the respondent's age into three year interval. The age and cohort effects on BMI change between baseline and follow-up were estimated using linear mixed models (LMM). The cohort-period (CP) and age-period (AP) models have been fitted to the data analysis with the baseline period and oldest birth cohort, and oldest age group, respectively, as reference. BMI, as a repeated measure, was analysed as the dependent variable, while birth cohorts or age groups, and year of analysis (1999/2000 and 2005) were added as fixed factors and fitted into the LMM with a 95% confidence interval. The same strategy was then used to evaluate the AP effects. We also analyzed the interaction between birth cohort and period & between age and period using the same models.
Ethical Statement
This research has been carried out in accordance to the Helsinki Declaration of research ethics regarding human subjects. Both assessments of the cohort have been approved by the regional Research Ethics Committee in Lund University (D nr 1999-99 and 2005-471).
RESULTS
The proportion of overweight and obese individuals in the study population increased between the baseline and follow-up surveys. The prevalence of overweight rose among males from 43.3% to 45.1%, and among females from 27.5% to 29.5%. At the same time, the prevalence of obesity went from 10.2% to 12.5% among males and from 9.6% to 12.6% among females. The increase in overweight was significant for both sexes, while the change in obesity was only significant for females (p = 0.037) ( Table 1) .
We also analyzed the change of mean BMI by gender and found that mean weight had increased significantly over the five years surveyed. Mean BMI increased from 25.7 to 26.1 among males and from 24.5 to 25.0 among females. This increase in BMI was generally significant when we stratified the sample based on three-year birth cohorts, with the exception of the oldest birth cohorts, where decreases or no changes in BMI were noted ( Table 2) .
The cohort effects, resulted from cohort period models, i.e., the variability in BMI across birth cohorts adjusted for the period effect, ranged from -1. 19 Table 3 ).
Results from interaction models suggested that the change in BMI between baseline and follow-up differs depending on birth cohort among both males and females in the cohort-period model (p<0.001 for both interactions). In the age-period model the change in BMI differs depending on age among females (p=0.001 for interaction), but apparently not significantly among males (p=0.28).
In (Figs. 1 and 2) we plotted the cohort-and age-specific changes in BMI between baseline and follow up for each three-year-interval birth cohort and age group (BMI change and 95% CI) stratified by gender. The cohort-specific changes in BMI seemed to follow a linear trend among both males and females, with the clear increase in BMI observed among the youngest birth cohorts gradually declining and eventually becoming negative among the older cohorts. The age-specific changes in BMI was positive for most age groups among both males and females, suggesting that study participants of the same age generally had higher BMI at the follow up than at baseline, but with no consistent trend across the age groups.
DISCUSSION
Our findings show that mean BMI increased in the population studied between 1999/2000 and 2005, which could be due to period, age or cohort effect.
Results from cohort-period and age-period models have shown BMI change in both males and females in nearly all the cohorts and age groups studied; increase in younger and middle ages and decline in older segments of the population. Some birth cohorts and age groups showed a greater increase in BMI than others, both in males and females. For example, the male cohorts born in 1928 to 1933 showed a smaller weight gain compared with the cohorts born immediately before and after. The explanation for these discrepancies in the BMI scores across birth cohorts between baseline and follow-up might be related to events that have happened in early life.
Overall, the age effects show a similar pattern with the cohort effects, that make it difficult to distinguish between age-period and cohort-period effects in our study, due to on the one hand the linear relationship between age, period and cohort, and on the other hand to short follow-up.
The interaction analyses in both models (cohort-period and age-period) have shown a significant BMI change depending on birth cohort for both genders while with age only among females, which indicated that the effect of period is more pronounce among females than males.
As with many other countries in the Organisation for Economic Cooperation and Development (OECD), Sweden has seen a rapid increase of overweight and obesity in the general population over the past three decades. It is estimated that the prevalence of obesity in adults has doubled within the last twenty years, and is now approximately 10% in males and females [26, 27] . Our findings suggest that these figures have already been exceeded.
The results presented here are similar to those found in Denmark [28] , Norway [29] , Finland [30] , France [31] , Australia [22, 32] , and the US [32] . There is agreement that weight increases throughout the life course until about age 60. A stable pattern in birth cohorts between baseline and follow-up has also been demonstrated by these studies. However, our findings suggest that female birth cohorts followed a different pattern that has not been substantiated by other research.
We began at baseline with a relatively large proportion of subjects above age 65 and noted how their BMI score between baseline and follow-up tended to decrease. We assume that this was mainly the result of physiological aging, as the birth cohort effects were positive. If weight gain were also found among older age groups, it would most likely lead to a heavier burden on the health system, e.g., increased orthopaedic and diabetes health care needs. The decline of BMI in older cohorts could be related to behavioural and physiological changes within individuals, such as a decrease in energy requirements at rest with advancing years [33] . An increase in weight among younger cohorts and a decrease among older ones is a common finding [34] [35] [36] . However, a Dutch longitudinal cohort study reported weight gain among individuals over 60 years of age as well [37] .
Several studies have attempted to explain the underlying mechanisms for the discrepancy in weight gain observed among different birth cohort groups. Recent publications on obesity have suggested several factors: changes in the global food system, low caloric energy expenditure due to modern technology, and individual factors, including genetic effects that result from interaction with the local environment. These might account for the variability in body size between individuals [38, 39] . However, why one gains more BMI units at young age is not clear.
Previous investigations have found it likely to be related to low physical activity. For example, a recent Australian study found that younger birth cohorts of males tended to engage in less leisure time physical activity than older generations [22] .
Fast food consumption on a regular basis may be another factor in obesity [40] . Industrial development may be responsible for an increase in energy intake, a diet of lowquality carbohydrates and fats, and a decline in physical activity. This implies that a general change in living conditions plays an important role in the present epidemic of obesity [41] . 
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The epigenetic theory would postulate an increase in BMI change for those born during WWII. Since this could not be verified in our study, we therefore conclude that our findings do not support the hypothesis of a epigenitically induced cohort effect in the general population in southern Sweden.
We believe the present study to be the first that analysis the population of a country not traumatized by direct warfare during this period, and whose population did not experience starvation or near-starvation. 
STRENGTHS AND LIMITATIONS
Our study has several advantages. First, it is longitudinal, prospective, and population-based, i.e., it examines changes in specific individuals. Second, it analyses a general population across all adult age groups, with baseline measurements ranging from ages 18 to 80. This gave us the opportunity to analyse and compare the pattern of BMI change among a wide range of birth cohorts, whereas most previous studies have focused only on a specific age group or birth cohort, such as adult males or adult females. Third, it includes the study of older individuals ages 65 and above, thus presenting a more complete demographic picture of the overweight and obesity challenges in a high-income country. Fourth, to the best of our knowledge, it is the first attempt to separately evaluate age, period, and cohort effects on BMI trends between baseline and follow-up in a general Swedish population.
At the same time, we are aware of certain limitations. The response rate was 59% for the baseline assessment, which raises the issue of selection bias as an alternative explanation of our findings. However, the discrepancy in socio-demographic characteristics (level of education, income, and country of origin) between respondents and non-respondents has been investigated in a previous study [43] , and showed the only difference to be a lower participation rate among individuals born outside Sweden. Moreover, health care utilisation during the year of the survey was very similar in both groups, indicating that a strong selection bias due to general status was improbable. Also, the BMI statistics we used were based on self-reported data, which may have contributed to an underestimation of overweight and obesity prevalence. Finally, another limitation in the method we chose is that it did not allow us to distinguish between age, period, and cohort effect within the same model. Holford (1991) suggested the approach in common use of estimating APC effects by applying a Poisson regression model. Unfortunately, since we only had two data points, this model would not have been appropriate. We have however, been able to disentangle age and cohort effect by applying age-period and cohort-period models, the same strategy was applied in several longitudinal studies [44, 45] .
CONCLUSION
BMI increased during the five-year follow-up in most age groups. Our findings suggest that cohort effects may play a role in obesity, although those effects contradicted the epigenetic hypothesis. Moreover, these results suggest that it is difficult to distinguish between age-period and cohortperiod effects in our study, due to on the one hand the linear relationship between age, period and cohort, and on the other hand to short follow-up. 
